Flow of sour cherry (Prwuns cerasus L. cv. Montmorency) gum solutions through a glass capillary was Newtonian for pressure gradients from 0 to 1.8 megapascals per meter, and hydraulic conductance was inversely proportional to solution viscosity in this range. However, flow became plastic at pressure gradients above 1.8 megapascals per meter, resulting in a decrease in solution viscosity. The magnitude of this effect diminished as gum concentration increased. Flow of water, a solution of the component sugar monomers of sour cherry gum, and sucrose solutions remained Newtonian over the entire pressure gradient range examined (0-4 megapascals per meter). Plastic flow of gum solutions in the vessels of intact sour cherry shoots is possible under pressure gradients induced by transpiration when high resistance to flow occurs over short distances.
Flow rate is directly proportional to pressure gradient, and solution viscosity remains constant as the pressure gradient increases. However, flow of polymer solutions is often non-Newtonian due to the large size of the polymer (4, 18, 19) and the tendency for such molecules to interact with each other (8, 9, 18) . Several types of deviation from Newtonian behavior are possible (5, 8, 11, 16, 17) and a summary is provided in Figure 1 The objective of this study was to establish the effect of gum concentration and applied pressure gradient on the flow characteristics of aqueous sour cherry gum solutions, and to relate these effects to conduction of sap through xylem vessels of sour cherry shoots.
MATERIALS AND METHODS
Test Solutions. Clear, nonpigmented gum exudates were collected from branches of mature sour cherry Prunus cerasus L. cv. Montmorency) trees and stored frozen until needed. Gum exudation was induced by a foliar spray of ethephon, (2-chloroethyl)phosphonic acid, at concentrations up to 69.2 mm. Gum solutions of 1.90o and 3.81% (w/v) were prepared by dissolving gum in warm, deionized, distilled H20. The solutions were then centrifuged to remove debris and stored at 4°C. Gum concentration was determined from the residue dry weight of a 2-ml aliquot of solution. Gum solutions of 1.09% and 1.91% were prepared by dilution of the 3.8 1% solution. Solution density was determined at 25°C with a glass pycnometer (25 ml) and kinematic viscosity with an Ostwald viscometer at the same temperature. Kinematic viscosity was multiplied by solution density to obtain solution viscosity. Deionized, distilled H20, solutions of 44% and 66% (w/ v) sucrose, and a solution of the component sugar monomers of sour cherry gum at concentrations equivalent to a gum solution of 1.90o were also prepared for comparison with gum solutions. The composition of the solution of gum monomers was based on previous gas-liquid chromatographic assay (13) of the monomer composition of exuded 'Montmorency' sour cherry gum. The gum contains 55.0o (w/w) L-Ara, 32% D-Gal, 6.3% D-Man, 6.1% DXyl, and 0.6% D-Glu. Concentrations, densities, and viscosities were determined as described above (Table I) .
Flow Experiments. 
RESULTS
Reynolds Number. Calculated values of Reynolds numbers were less than 2,000 for all experiments (Table II) . Thus, the assumption of laminar flow could be made in all cases.
Hydraulic Conductance. Flow rates of all solutions were directly proportional to the applied pressure gradient between 0 and 0.15 MPa m-1 (Fig. 2) . There was no inherent threshold pressure gradient (yield value) to overcome before flow occurred for any of OLIEN AND BUKOVAC Flow characteristics of H20, gum monomer, and sucrose solutions, but not gum solutions, remained Newtonian over the pressure gradient range from 0 to 4.0 MPa m-l (corrected for piston resistance) (Fig. 3) . Mean measured k for conditions giving Newtonian flow, obtained with both pressure systems, is presented for all solutions in Table II. Measured k for all solutions was proportional to the inverse of viscosity over the region of Newtonian flow (Fig. 4) The deviation from Newtonian to plastic flow, however, diminished with increasing gum concentration. Not only did the magnitude of the deviation decrease, but there was also a decreasing trend in the ratio of the pressure-flow slopes above and below the transition pressure gradient with increasing gum concentration (Table III) . The ratio of these slopes declined from 2.5 for a 1.09% gum solution to 2.0 for the 3.81% gum solution. Increase in slope is inversely proportional to the change in solution viscosity. The correlation coefficient between the ratio of pressure-flow slopes and gum concentration was -0.778, but was not significant at p = 0.05. The correlation between slope ratio and the inverse of solution viscosity (determined under conditions of Newtonian flow) was 0.952, which was significant at p = 0.05.
DISCUSSION
Pressure gradients in the xylem of trees at maximum rates of transpiration have been estimated to be between 0.02 and 0.05 MPa m-' (12, 13, 20) . These values are, however, averaged over the height of the tree. While flow of gum solutions is Newtonian in this pressure gradient range, gradients sufficient to cause plastic flow might occur over short distances of high resistance to flow in the xylem, as would be caused by the occlusion of a proportion of the vessels by gum or by other factors. When corrections are made for differences in the capillary radius and the sum of xylem vessel radii (14) , both to the 4th power, a 10-fold increase in the pressure gradient would be required for plastic flow to occur in 1-year-old untreated sour cherry shoots.
The effect of gum on vessel sap viscosity is a function of both gum concentration and the pressure gradient driving the solution. The occurrence of plastic flow at high pressure gradients would to some extent compensate for the presence of gum in the vessel as solution viscosity decreases. The decrease in viscosity could result from the breaking of weak intermolecular bonds between gum polymers, as in thixotrophy, and also from a more streamlined orientation of the gum molecules in the vessels, resulting in less internal resistance to flow in the solution (9, 11) . However, deviation from Newtonian to plastic flow diminished as gum concentration increased and, thus, the compensating effect of viscosity becomes negligible at gum concentrations above 4% (w/v).
Previously (14), we found that small increases in the concentration of sour cherry gum greatly increased solution viscosity, and thus decreased hydraulic conductance. There is probably a distribution of gum concentrations within and among xylem vessels. When ethylene induces an increase in gum synthesis and accumulation, more gum enters the vessels, increasing sap viscosity and, at high enough concentrations, occluding vessels entirely. Both the increase in sap viscosity and decrease in number of functional vessels reduce flow of fluid in the xylem. Decrease in water potential and even tissue death can occur when the reduction in shoot hydraulic conductance is severe.
